compared to 61% of children without ADs. Wiley et al (2008) reported that children with ADs made measureable progress in detection and discrimination of sounds, but that their rate of progress was half that of children with developmental skills in the average range. Furthermore, they did not make gains in higher-level, more complex spoken language skills such as identifi cation and comprehension. Holt and Kirk (2005) found that children with CIs and cognitive delays made progress in speech and language skills over time, but they struggled with higher-level, more complex language skills.
Although these earlier studies provide valuable information about speech and language development following cochlear implantation in samples of children with ADs, several critical issues remain to be addressed. First, studies to date have focused almost exclusively on speech and language outcomes. However, as a result of the broad functional impact of comorbid conditions, a signifi cant concern in this population involves development of adaptive behaviors -areas extending beyond speech and language skills. Second, as a result of small sample sizes and signifi cant heterogeneity across comorbid conditions, the generalizability of data from existing studies is limited and in need of replication (Eisenberg et al, 2007; Nikolopoulos et al, 2008) . Finally, because children with CIs and ADs are frequently excluded from large CI outcome studies, comparison of adaptive behavior, speech, and language outcomes in this population with outcomes from the broad CI population is needed in order to inform expectations for outcomes and planning for intervention.
As a dedicated pediatric hospital with resources available to offer implantation to children with ADs who may pose a higher risk of complications, our center has a history of providing CIs to children with ADs. Therefore, the research questions in the present study are not a matter of informing decision-making regarding candidacy, but a matter of documenting the benefi ts provided by an implant to this clinical population, which is largely unknown in domains outside those directly related to auditory function. Not all implant centers share the same philosophy or have access to similar resources, which creates variability across centers that may affect reported outcomes with this clinical population and the fi ndings reported in the literature.
The fi rst objective of this study was to compare improvement in functional auditory skills during the fi rst year of CI use in a group of children with ADs and in an age-matched comparison group of children without ADs. The second objective was to gather preliminary comparison data on improvement in language and adaptive behavior in a subset of these children. Similar to other studies that have successfully investigated outcomes in groups of children with deafness without regard to disability type (Berrettini et al, 2008; Waltzman et al, 2000; Wiley et al, 2005 Wiley et al, , 2008 , our sample consisted of a largely heterogeneous cohort of children with a variety of functionally and etiologically distinct ADs. The presence of any ADs, regardless of type, could place a strain on the child, family, and habilitation team that might affect long-term CI performance; such general effects of other chronic conditions on adaptation and outcome have been shown to be important for both broad and specifi c adjustments and quality of life (Wallander et al, 1989) . In addition, recent research has shown that pre-implant developmental level may be a better predictor of post-implant outcome than type of disability (Meinzen-Derr et al, 2009; Wiley et al, 2008) . Therefore, we also collected a measure of pre-implant cognitive functioning and chose to investigate outcomes in this group as a whole without categorizing children into smaller sub-groups according to type of AD.
Materials and Methods

Participants
As part of a large ongoing long-term outcome study of deaf children who receive cochlear implants, children with at least one disability in addition to deafness were identifi ed for inclusion in this investigation. We use the term "additional disability" as a blanket term that conceptualizes all of the children in our group; however we do include children with severe prematurity and children with autism, which may be better defi ned as developmental impairments. We chose to include these children because the sequelae of both are associated with atypical outcomes after implantation (Edwards, 2007; HoldenPitt & Diaz, 1998; Van Naarden et al, 1999) . To be enrolled, children had to be implanted prior to age fi ve, have both pre-and post-implant scores on at least one outcome measure, and have been implanted after the year 2000. All eligible children with congenital deafness and an AD were chronologically age-matched (within 12 months) to a child with a CI but without an additional disability (No-AD).
A total of 32 children with ADs and a CI were identifi ed for participation in the study. Eight children were excluded due to absence of a pre-and/or post-implant assessment, and one child was excluded because an age-matched comparison could not be found, yielding 23 children with CIs and ADs. Table 1 provides a summary of the individual demographic characteristics of the children in the AD and No-AD groups. The etiologies of hearing loss for the entire sample of 46 children with and without AD were unknown for 33 children, syndromal for fi ve children, related to Mondini malformation, cytomegalovirus (CMV), neonatal meningitis, and auditory neuropathy for two children, respectively. All used currently available, state-ofthe-art CI systems: 37 Nucleus, four MedEl, fi ve Advanced Bionics devices. Table 2 provides a summary of hearing and device characteristics for each group.
Measures
FUNCTIONAL AUDITORY SKILLS
The Infant-Toddler Meaningful Auditory Integration Scale (IT-MAIS; Zimmerman-Phillips et al, 2001 ) assesses functional auditory skills through a structured clinician-parent interview. Scores range from 0 to 40 with higher scores indicating greater auditory skill development.
RECEPTIVE AND EXPRESSIVE LANGUAGE
The Preschool Language Scale (PLS-4; Zimmerman et al, 2002 ) is a standardized assessment of receptive and expressive spoken language and communication for children from birth through 6 years, 11 months. The auditory comprehension subscale assesses how much language a child understands (receptive language) and although the name implies auditory comprehension, recently implanted children may have very limited comprehension that is truly auditory in nature. The expressive communication subscale assesses how well a child communicates with others (expressive language).
Because some children received a standard score of 50, which is the fl oor on the PLS, language quotients were calculated for all children by dividing the age-equivalent score by the child ' s chronological age at the time of testing and multiplying by 100; language quotients closer to 100 suggest the child ' s language level is ageappropriate. This method has been used in similar studies to assess language in clinical populations very similar to those in the present study (Meinzen-Derr et al, 2011 (Sparrow, 2010) . Using a semi-structured interview, parents rate how often their child performs a specifi c behavior without help or reminders. Vineland items cluster into four domains: (1) communication, (2) daily living skills, (3) socialization, and (4) motor skills, each of which yields a standard score ( M ϭ 100, SD ϭ 15) based on comparison with a typically-developing normative sample. We focused on daily living skills (e.g. self-care, caring for the home, and living in the community), socialization skills (e.g. social skills and relationships, playing and using leisure time, and adapting to people in the environment), and motor skills. The Vineland has been used to assess adaptive functioning in a wide range of clinical populations, including children with hearing loss (Bat-Chava et al, 2005; Horn et al, 2005; Kushalnagar et al, 2007; Nicholas & Geers, 2007) .
Abbreviations
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COGNITIVE FUNCTIONING
Cognitive functioning was assessed using the cognitive subtest of either the Bayley Scales of Infant and Toddler Development (Bayley, 1993 (Bayley, , 2006 , or the cognitive subtest of the Developmental Assessment of Young Children (DAYC; Voress & Maddox, 1998) . The DAYC assesses fi ve domains of development through observation, caregiver interview, or direct observation, and was used exclusively as a measure of developmental functioning in pre-CI evaluations until 2005, at which time, the Bayley was added to the standard pre-CI evaluation protocol. Therefore, depending on the year of enrollment and the time restrictions of the evaluation, a child may have received the DAYC, the Bayley, or both. We used pre-CI cognitive scores from the Bayley for 19 children, the DAYC for 17 children, and the remaining 10 children did not receive pre-CI cognitive testing. There were no signifi cant differences in cognitive standard scores obtained for children who received the Bayley compared to those who received the DAYC, t (34) ϭ 0.05, p ϭ 0.96. Although neither the Bayley-III nor the DAYC technical manuals publish correlations between the two measures, the Bayley was used in the development of the DAYC and there is overlap between DAYC and Bayley cognitive items.
Statistical analyses
Because participation in the long-term outcomes study is voluntary, not all children returned for their evaluation at each interval. If a child had data for one interval only, then only that interval was used in all analyses. If a child had both 6-and 12-month post-CI data, the 12-month interval was used. There were no differences in pre-to post-IT-MAIS gains in children with post-CI data at 6 months and those with post-CI data at 12 months, which supports the validity of using data from either of the two post-CI intervals. The same interval (either 6-or 12-months post-CI) was used for both children in the matched pair. A two-way repeated-measures ANOVA was used to compare pre-to post-CI scores in functional auditory skills (IT-MAIS) between the AD and No-AD groups. Language and adaptive behaviors were analysed descriptively due to the small sample size ( n ϭ 14 for language, n ϭ 16 for adaptive behavior).
Results
Functional auditory skills
Pre-and post-CI IT-MAIS scores were available for all but two of the 46 children in the sample. The AD and No-AD groups scored similarly pre-CI with means of 2.5 and 4.7 respectively, however, differences between the groups increased at the post-CI interval with means of 12.9 and 23.9 for the AD and No-AD groups, respectively. With two exceptions (IDs 10 and 12), all children with ADs in our sample made progress in auditory skills within one year of implant use. Younger chronological age ( r ϭ Ϫ .52, p ϭ .012) and earlier age at implantation ( r ϭ Ϫ .58, p ϭ .005) were signifi cantly correlated with larger gain in IT-MAIS scores for the No-AD group. There were no signifi cant correlations between child characteristics and IT-MAIS gains for children with ADs. Two children in the AD group did not show an improvement in auditory skills from pre-to post-CI, with IT-MAIS scores of zero and one. One of these children (ID 10) experienced signifi cant impairments including blindness and a cognitive score of 50. The second child (ID 12) was diagnosed with VATER syndrome, had a partial insertion of the electrode array, and achieved a cognitive score within normal limits.
To determine group differences in functional auditory skills over time, a two-way repeated measures ANOVA was conducted with group as the between-and pre-to post-CI IT-MAIS scores as the within-subjects factors. Two children in the No-AD group scored unusually high on the IT-MAIS pre-CI, with each child scoring 26 out of 40. These scores were identifi ed as outliers and were not included in the analysis. Results revealed a signifi cant main effect of CI use with IT-MAIS scores improving after one year of implant use for both groups, F (1, 40) ϭ 91.91, p Ͻ .0001, partial ŋ 2 ϭ 0.70, and a signifi cant main effect of group with the No-AD group scoring higher on the IT-MAIS than the AD group, F (1, 40) ϭ 7.41, p Ͻ .01, partial ŋ 2 ϭ 0.16. In addition, a signifi cant interaction was observed with the No-AD group making more progress within one year of CI use than the AD group, F (1, 40) ϭ 9.37, p ϭ .004, partial ŋ 2 ϭ 0.19. A follow-up repeated measures ANOVA was carried out to identify the impact of cognitive ability on improvement in auditory skills between the two groups. After controlling for cognitive ability, both main effects (CI use and presence of ADs), as well as the interaction between the two main effects, were no longer signifi cant. Children in the No-AD group scored signifi cantly higher in cognitive ability than children in the AD group, F (1, 30) ϭ 4.71, p ϭ .04, partial ŋ 2 ϭ 0.14. 
Language skills
Nine of the 23 children in the AD group had pre-CI data on the PLS, however only seven of these children had post-CI data as well. The pre-CI means and standard deviations using language quotients for the entire sample of nine children with ADs were M ϭ 35, SD ϭ 13 for receptive language, and M ϭ 55, SD ϭ 16 for expressive language. These means are very similar to the means of the seven children who had both pre-and post-CI data (see Table 3 ). Neither the AD nor the No-AD group displayed language quotients that were age-appropriate after one year of CI use (i.e. scores around 100). However, the mean receptive language quotients increased from preto post-CI for both groups, although language quotients were lower overall for the AD group pre-and post-CI than for the No-AD group. Mean expressive language quotients decreased pre-to post-CI for both groups. Figure 1 shows individual pre-and post-CI language quotients for both groups. The diagonal represents age appropriate gains in language quotients pre-to post-CI. Scores above the diagonal indicate the child is catching up to his or her chronological age faster than would be expected by development alone, and those below the diagonal indicate the child is making slower progress than would be expected based on development alone. Four of seven children with ADs displayed an increase in their receptive language quotient, and one child displayed an increase in their expressive language quotient within one year of CI use. Five of seven children in the No-AD group displayed an increase in receptive language quotient, and one child displayed an increase in expressive language quotient. We note here, however, that most language quotients for both groups that fell below the diagonal were not far from the diagonal for either group of children, indicating that although language quotients did not increase faster than would be expected by development alone in these children within one year of implant use, their language development did not slow by a great deal either.
Of the three children with ADs whose language quotients did not increase in either receptive or expressive language, two had cognitive ability scores at least two standard deviations below the mean and had diagnoses of Leigh ' s disease (ID 14) and cytomegalovirus (CMV) (ID 16). Both children had full insertions of the electrode array and were implanted under age three. Alternately, the single child in the AD group who showed an increase in both receptive and expressive language quotients (ID 22) also had a cognitive score more than two standard deviations below the mean. This child was diagnosed with auditory neuropathy and also had a complex birth history of severe prematurity and cerebral palsy.
Adaptive behaviors
Twelve of the 23 children in the AD group had pre-CI data on the Vineland, however only eight of these children had pre-and post-CI data. The pre-CI means and standard deviations on the Vineland for the entire sample of 12 children with ADs were M ϭ 66, SD ϭ 20 for daily living skills; M ϭ 74, SD ϭ 12 for socialization; and M ϭ 67, SD ϭ 18 for motor. These means are very similar to the means of the eight children with both pre-and post-CI data (see Table 4 ). As a group, prior to CI, children with ADs scored within two standard Table 3 . Pre-and post-CI means, standard deviations, and ranges for age equivalents and language quotients on the two subscales of the Preschool Language Scale . deviations of the mean in socialization and motor skills and more than two standard deviations below the mean in daily living skills. Within one year of implant use, daily living skills increased to within two standard deviations of the mean, socialization increased modestly, and motor skills remained unchanged for children with ADs. As a group, deaf children without ADs scored within normal limits in all three domains of adaptive behavior both pre-and post-CI.
Within one year of implant use, daily living skills and motor skills increased by four points, while socialization remained unchanged for children without ADs. Figure 2 shows individual pre-and post-CI standard scores in daily living skills, socialization, and motor skills for both groups. The diagonal represents age-appropriate gains in adaptive behavior skills pre-to post-CI. Scores above the diagonal indicate the child is making gains greater than expected for his or her chronological age, and those below the diagonal indicate the child is making slower gains than would be expected for his or her age. Six out of eight children with ADs made greater than expected gains for their age in daily living skills, fi ve of eight made greater than expected gains in socialization, and two made greater than expected gains for their age in motor skills within one year of implant use. Five of the six children who did not make progress in motor skills were diagnosed with a motor-related disability.
Five out of eight children in the No-AD group made greater than expected gains for their age in daily living skills and socialization, and two of eight children made greater than expected gains in motor skills within one year of implant use. Again, most of the scores for both groups that fell below the diagonal were not far from the diagonal, indicating that although these children did not maintain ageappropriate gains in adaptive behavior within one year of implant use, they did not slow by much.
The child diagnosed with Leigh ' s disease was one of the two children with ADs that did not make progress in any of the three domains of adaptive functioning. The second child that did not make progress was diagnosed with Robinow syndrome (ID 19) and experienced a partial insertion of the electrode array. Aided thresholds for this child were greater than 95 dB HL suggesting that the child was receiving little auditory input from the CI. This child dropped two standard score points in daily living skills, and six points in both socialization and motor skills. However, the child went from scoring 1 to 7 points on the IT-MAIS and went from a language quotient of 19 to 24 on the auditory comprehension subscale of the PLS within one year of implant use, suggesting some limited benefi t from implantation.
We were curious if children with ADs who did not make language gains, were in fact able to make gains in adaptive behavior. We found that two of the three children (ID 16 and ID 20) who made less than expected gain for their age in language within one year of implant use as indicated by a decline in their language quotient after implantation (i.e. scores below the diagonal in Figure 1 ), nonetheless did made gains in adaptive behavior. The child diagnosed with CMV (ID 16) improved seven standard score points in both daily living skills and socialization within one year of implant use; this child ' s motor skills score fell only one point. Although the second child (ID 20) did not make gains in motor skills or socialization, this child did gain seven standard score points in daily living skills within one year of implantation.
Discussion
The fi rst objective of this study was to compare improvement in functional auditory skills within one year of implant use in a group of deaf children with ADs and in an age-matched comparison group of children without AD. We found that as a group, children with ADs made progress in functional auditory skills within one year of implant use. Individually, however, there were two children who did not make progress. Interestingly, none of the traditional audiological or demographic correlates of benefi t (degree of loss, age, age at implantation) were associated with progress in functional auditory skills in the children with ADs. However, in the No-AD group, younger age at implantation and younger chronological age were found to be signifi cantly correlated with greater gains in functional auditory skills within one year of implant use. This fi nding suggests that established early predictors of functional auditory benefi t may not be as critical or meaningful in predicting benefi t in deaf children with ADs.
As a group, children with and without ADs made progress in auditory skills within one year of implant use, but children without ADs made more progress. However, after controlling for cognitive ability, the differences between the groups in auditory skills were no longer signifi cant. It is likely that the effects of time and group were eliminated because children without ADs had signifi cantly higher cognitive abilities than children with ADs. This interpretation is supported by several studies that have shown that cognitive functioning is a reliable predictor of benefi t in children with ADs (Edwards et al, 2006; Meinzen-Derr et al, 2009; Wiley et al, 2008) .
A second objective of this study was to gather preliminary comparison data on the development of language and adaptive behavior in a subset of children with CIs and ADs, and a comparison group of children with CIs who do not have ADs. Although children in both groups scored well below age-appropriate language levels both pre-and within one year of implant use, language quotients indicated that four of seven children in the AD group and fi ve of seven children in the No-AD group were catching up faster than development would predict in receptive language within one year of CI use. However, children in the No-AD group showed closer to age-appropriate receptive language prior to and within one year of implant use than children in the AD group. With regard to expressive language, all children in the AD and No-AD groups, with the exception of one child in each group, made slower than expected gains over one year of implant use. It is possible that although receptive language levels increased for most children within one year of implant use, levels were not yet suffi cient to impact the development of expressive communication as measured by the PLS. Supporting this assumption, Meinzen-Derr and colleagues (2009) reported an increase in both receptive and expressive language quotients on the PLS in a majority of children with ADs after a mean of two years of implant use. Continued post-CI language testing will allow us to better understand the rate of development in receptive and expressive language in children with ADs.
As is typical in the population of deaf children who receive CIs, considerable individual differences were observed in performance in both the AD and No-AD group; two children had signifi cantly below average cognitive functioning, however, the third child was within normal limits. Similarly, the only child to make progress in both language areas had signifi cantly below average cognitive functioning and a complicated birth history. Although, these fi ndings are from a small sample of children, they highlight the diffi culty of predicting if a specifi c child with ADs will make progress in language after cochlear implantation.
Finally, in order to investigate gains in areas outside speech and language functioning that may be affected positively from increased auditory access provided by a CI, we measured progress in adaptive behavior in both groups of children. Similar to the performance of children with ADs such as autism, mental retardation, and visual impairment but without deafness, the majority of deaf children in our sample with ADs scored well below the mean in adaptive behavior. However, after implantation, six of eight children made progress in daily living skills and fi ve of eight made progress in socialization. In the group without ADs, fi ve of eight children made progress in two out of three adaptive behavior domains. Only two children in the AD group made progress in motor skills, one of whom did not have a motor component to the diagnosis. Five of the six children who did not make progress in motor skills displayed a motor component to their diagnosis which may explain the poor progress in this domain. Notably, the two children who did not make any progress in language skills did make progress in daily living skills and/or socialization. Daily living skills (i.e. letting someone know when he/she needs diaper changing, being careful around hot objects, being aware of appropriate behavior) and socialization behaviors (i.e. smiling around familiar people, attempting to make social contact, showing affection towards caregivers) are likely to make meaningful differences to families of children with complex needs. These fi ndings, although preliminary and based on a small sample, are encouraging and provide the fi rst evidence of benefi ts in adaptive behavior after cochlear implantation in children with extremely complex developmental needs. Our fi ndings support the need for assessment in areas outside traditional speech and language domains, which are areas of expected benefi t for children without ADs, but may not be expected in the growing population of deaf children with complex needs.
As with most CI studies, the data reported here may be subject to selection bias. Families that are not highly motivated by perceived progress and benefi ts to their child may be less likely to participate in research studies, leaving out an important segment of the population of children with ADs. While the extent to which this occurs in this study is unknown, it should be kept in mind because each of the outcome measures in this study has a parent-report component. In addition, many of the children in our sample were younger than three years of age at the time of implantation, and it is possible that preoperatively identifi ed diagnoses may become more well-defi ned and that the full impact of a child ' s special needs on developmental outcomes will become more complex over time. Long term longitudinal follow-up is necessary to understand more fully the impact of auditory access to sound on various outcomes after implantation.
Another consideration is the heterogeneous nature of this sample of children that includes children with a wide range of motor, visual, developmental, and neurocognitive conditions. Combined with the small sample size, a comparison of progress between specifi c handicapping conditions was not possible. However, even within a specifi c diagnosis category such as cerebral palsy, individual differences in the severity of the diagnosis and its impact on day-to-day functioning, family resources, and parenting stress may be better predictors of the benefi t a child receives from a CI than the specifi c diagnosis itself. As a result, homogenizing the sample by type of diagnosis may not be the answer; rather, measuring the functional impact of a disability -regardless of the type -may be a more ecologically valid method for evaluating progress across children with a variety of handicapping conditions.
Given the wide-ranging consequences of deafness on child development, we know very little about the real-world impact of cochlear implantation on this special population of children with ADs. Our current lack of knowledge places children and their families at greater risk for uncertainty, distress, and negative outcomes. Moreover, families of children with ADs may have fundamentally different expectations regarding the effectiveness of cochlear implantation than families of deaf children without an AD. For this reason, broadening post-CI outcome measures to include quality of life, parental stress, behavior regulation, socio-emotional development, family integration, and adaptive functioning is imperative for children with ADs. Multi-center collaborations along with comprehensive, multidisciplinary, and multi-trait pre-and post-implant assessments will provide additional new knowledge of pre-implant predictors and expected benefi ts across several domains of functioning. This knowledge has direct clinical applications, with the ultimate goal of providing evidence-based expectations to parents of deaf children with ADs.
